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INTRODUCTION 


This is a companion document to Volume I, NASA CR 1QA759, ."Final Report." 
The appendices contained herein supplement the technical discussion in that 
document. 
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APPENDIX B 

MODIFIED THEORETICAL EFFECTIVE GAS CONDUCTIVITY 


In Reference 1 an expression for elemental heat transfer due to free molecule 
gas conduction was derived for open net MLI systems employing layer densities 
from 2.0 to 4.0 layers per mm (51 to 102 layers per inch). That expression 
is 
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where 

q x = heat flux in the x direction 
a = accommodation coefficient 
kg = true gas conductivity 

h = thickness of one shield. plus one space (layer interval) 
i = mean free path 
T = temperature 
x = MLI thickness dimension 


After substitution of curve-fit formulas expressing the gas property para- 
meters of Equation (8) in terms pressure, temperature and molecular weight, 
the equation becomes 
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*Equation numbers, units and nomenclature (except' where conflicting with 
symbols used elsewhere in this report) are those of Reference 1. 
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for which the gas-dependent constants are: 
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The values for a^ and o (gas viscosity constants) were not listed directly 
in Reference 2 but were derived here from the curves of the reference. 

With h<<& (free molecule regime), Equation (10) may be simplified to 

( 12 ) 


or 
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In Reference 1, Equation (12) was integrated under the assumption that T 
varied with x but p was independent of x. The result was 
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For the free molecule regime, however, Knudsen's principle (Reference 3) 
states that 


8X 


( -v 
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If it can be assumed that 


-i (pT S ) . £ (PT- 5 ) = 0 
then from Equation (12) 
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C 

Because of the independence of(pT ) of x, the non-subscripted p and T 
may be evaluated at any consistent location within the MLI, usually most 
conveniently at the hot surface. The effective gas conductivity, which 
follows directly from the preceding expression, has exactly the same form as 
the previously used semi -empiri cal formula, 


k = z pr 5 (A) 

9 N 

The gas-dependent constants of Equation (10) were used to evaluate C and S 
for use in the above formula. The values, along with the corresponding 
values for the previous, semi -empi ri cal effective conductivity expression 
are shown below. 



c. 

c, 


Gas 

watt-m 

/ Btu \ 

S 


rm-N-K S+1 

\ft 2 -hr-Torr-R S+1 ] 


H 2 

.244 

(7610) 

-.70 

He 

.111 

(3460) 

-.74 

N 2 

.0575 

(1790) 

-.48 

N ? , He 

.0266 

(828) 

-.5 


(Previous Seml-Emp. Formula) 
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The newly derived theoretical values of S fail to satisfy exactly the 
assumption that 

af <” tS > - W f^' 5 ) 

but are close enough to the ideal value of 0.5 to offer hope as to the 
validity of the theoretical formula for k^. In order to test this validity 
predictions were made for comparison with effective gas conductivity test 
data of reference 4. Results of this comparison, shown in Figure A-l, support 
the validity of the theoretical expression, Equation (A), at least for Ng. 

On the basis of this correlation, the validity for was assumed and 
Equation (A) was adopted for subsequent thermal analyses in the current 
program. 
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APPENDIX C 

ANALYTICAL THERMAL MODELS 


The analytical models used in the detailed thermal analysis are illustrated 
in Figures C-l through C-7. Symbols employed in the illustrations are 
explained in Table C-l. The figures show the network of thermal conductors 
for each case treated, in order to provide an indication of the degree of 
detail to which the conduction heat paths were considered. Radiation heat 
paths, which in the analyses connected each pair of terminal nodes between 
which radiation interchange was significant, have been omitted from the 
figures for clarity. Although the analytical models, as currently defined, 
represent details of the full scale design, most of them can be easily 
adapted to analysis of the subscale design. The following paragraphs 
describe features of the individual models. 

1 . Idealized MLI Blankets 

The basic heat flow across the idealized MLI, i.e., blankets having no dis- 
continuities or penetrations, was computed with the aid of the one- 
dimensional model illustrated in Figure C-l. The total heat path included 
conduction across the vacuum jacket skins, coupled radiation and conduction 
across the vacuum jacket core, radiation across the vacuum annulus, effec- 
tive conduction across the MLI, and conduction across the pressure vessel 
wall. For the steady state analysis, representing the 30-day storage 
condition, constant boundary temperatures at T1 and T10 of 311. OK (560R) 
and 20. 5K (37R), respectively, were assumed. For the transient analysis, 
representing response to an assumed orbiter reentry with an empty tank, 
the temperature at T1 was defined to follow a prescribed history while all 
other nodes were free to respond. The interface between the two MLI blankets 
was effectively ignored with the assumption of continuous properties through 
the entire MLI thickness. The MLI thickness was varied parametrically in 
the basic heat flow analysis in order to develop data required for thermal 
optimization. 


31 



2. Typical Lap Joint 

Figure C-2 shows the model used to compute the incremental heat leak per unit 
length of single-step lap joint in the ML I. The two-dimensional model 
represented a 65.0 cm (26.6 in) wide section of blanket perpendicular to the 
joint. It was assumed that this section was wide enough to effectively 
isolate the influence of the joint on the basic heat flow. The gap at the 
butt interfaces in the joint, which had an important effect on the magnitude 
of the joint incremental heat leak, was assumed as .0127 cm (.050 in). As in 
the basic heat flow analysis, the MLI thickness was varied parametrically. 

Unlike the basic heat flow model of Figure C-l , the joint analytical model 
did not include the vacuum jacket or the vacuum annulus. Instead, the 
temperatures at the outer surface of the MLI (T1 , T8, T15, T22, ..., T85 in 
Figure C-2 were defined as fixed at the value derived from the corresponding 
point (T5, Figure C-l) from the basic heat flow analysis. The temperatures 
along the pressure vessel wall (T7, T14, T21 , T28, ..., T91) were fixed at 
the cold boundary condition of 20. 5K (37R). 

3. Pin-and-Grommet Fastener 

The model used for analyzing the pin-and-grommet (MLI panel installation) 
type fastener is shown in Figure C-3. This is the design for which alterna- 
tives having lower heat leaks are being considered. As in the case of the 
lap joint, the model includes an area of MLI assumed sufficient to isolate 
the thermal influence of the fastener. The analytical model is two- 
dimensional but, by virtue of assumed axial symmetry, represents the 
fastener and a surrounding circular area of MLI 52.07 cm (20.5 in) in 
diameter. In a manner similar to the previously described models, the MLI 
thickness and the affected lengths of pin shaft and grormiet wall were varied 
parametrically. For the purpose of computing radiation interchange in the 
annular space between the pin and the grommet, the pin was assumed to be 
positioned concentric with the grommet. 

The high temperature boundary condition, at T61 , T60, T63, T21 , T27, T33, 

T39, and T45, was set at the computed value for T5 from Figure C-l. The 
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cold (20.5°K) boundary condition was assumed to exist at T65, T64, T67, T26, 
T32, T38, T44, and T50. 

4. Pin Fasteners 

Figure C-4 shows the model used for analyzing the pin-type (MU panel 
assembly) fasteners. Because of the alternating positions of the fasteners 
in the two blankets and the possibility of thermal interactions between 
pairs of fasteners, it was necessary to employ a three-dimension analytical 
model. For the fastener pattern assumed, the minimum size recurring cell 
is the triangular area shown in the figure. The validity of such a recurring 
cell for an analytical model depends upon infinite repetition of the pattern. 
Its use here assumes no interactions between the pin-type fasteners and the 
pin-and-grommet fasteners, MU lap joints, or other penetrations. For 
analysis of the pin-type fasteners, both the MU thickness (Dimension "B" 
in the figure) and the pin spacing (dimension "A") were varied parametrically. 
Boundary temperatures were prescribed on the MU surfaces and the surfaces 
of exposed pin heads in a manner similar to that used for the pin-and- 
grommet and lap joint analyses. 

5. Structural Support Strap 

Figure C-5 illustrates the model used to analyze the incremental heat flow 
due to a typical support strap penetration. This penetration was actually 
treated in two parts: the strap itself, as a direct conductor of heat to 

the pressure vessel; and the MU in the vicinity of the strap attachment 
on the pressure vessel wall. Both components of the model are shown in 
the figure. 

The actual MLI blanket design at the strap penetration includes a number of 
cuts, seams, and joints. The modelling of these details, especially in 
view of the difficulties in estimating the dimensions of gaps and spaces 
at joints and the effects of compression of the MU, appeared to be a 
formidable task and one of questionable value. It was observed that the 
design provided total MU thicknesses at least equal to the basic thickness 
everywhere around the strap except in the vicinity of the attachment boss. 
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It was therefore assumed that the total heat leak due to the strap pene- 
tration could be estimated as the sum of the heat flow through the strap 
and the increased heat flow through the MLI due to the reduced thickness 
over the strap attachment bolt. 

The strap was considered a one-dimensional conductor between the point where 
it emerged from the insulation cover to the thickened lug on its pressure 
vessel end. Those two points, designated at T51 and T20 on Figure C-5, were 
fixed at 311. 0°K (560°R) and 20.5°K (37°R), respectively. 

The MLI analysis employed a two-dimensional model of an axially symmetric 
area 52.07 cm (20.5 in) in diameter, centered on the strap attachment bolt. 
No interaction between the strap and the MLI was assumed. As in previous 
cases, the MLI thickness was varied parametrically. 

Warm side boundary temperatures , at T1 , T8, T15, T21 , ..., T45 were again 
set at the value for MLI outer surface from the basic heat flow analysis. 

The cold side boundary temperature, at T20, T26, T32, T38, T44, and T50, 
were set at 20.5°K (37°R). 

6. Manhole Access and Feed Valve Assembly 

The model for analysis of the manhole and feed valve penetration is shown in 
Figure C-6. The heat flow through this region was expected to be a complex 
combination of conduction and radiation with the thermal influence extending 
well beyond the periphery of the assembly. 

With the exception of the two small vent and valve actuator tubes, the 
network shown in the figure was treated as axisymmetric. Heat flow through 
the two small tubes was computed on an independent, one-dimensional basis 
and added to the heat flow resulting from the axisymmetric model analysis. 
Radiation interchange between the small tubes and other surfaces was thus 
ignored, but all other possible radiant exchanges permitted by the nodal 
network, including radiation through the main feed line interior, were 



considered. The conductor values for the two small coiled tubes were based 
on their true length, although the figure shows shorter lengths for clarity. 

The model for manhole and feed valve penetration analysis included pressure 
vessel, ML I blanket, vacuum annulus, and vacuum jacket area out to a radius 
of 107 cm (42 in) from the feed line. The thickness of the main ML I blanket 
was taken as 2.79 cm (1.10 in) and the feed line ML I as 1.27 cm (0.50 in) 
rather than being varied as in some of the other component analyses. It was 
assumed that within the range of ML I thicknesses of interest for optimization 
purposes, the incremental heat leak associated with the manhole and feed 
valve penetration would be little affected by variations in thickness. The 
joints in the main MLI providing access to the manhole cover bolts were not 
included as part of this model but were included as part of the total length 
of joint in the computation of total joint heat leak. 

Boundary temperatures for the model of Figure C-6 were 311. 0°K (560°R) at 
T1 , the outer, warm surface, and 20.5°K (37°R) at T2, at the cold boundary. 

7. Vent Valve Assembly 

Figure C-7 shows the analytical model for the vent valve assembly penetration. 
Although the model was developed as illustrated, the analysis of this pene- 
tration, as described in the discussion of predicted heat flow results, did 
not incorporate all details of the model. Specifically, radiation within 
the valve enclosure and its vacuum jacket housing, and lateral heat flow in 
the pressure vessel MLI and the entire vacuum jacket were ignored. The 
analysis did include conduction through the main vent line, valve enclosure, 
insulation support collar, valve enclosure MLI (laterally only), and the 
valve enclosure vent and valve actuator tubes, as well as radiation through 
the main vent line interior. Boundary temperatures for the analysis were 
20.5°K (37°R) at T70 and 311. 0°K (560°R) at T1 and T69. 
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TABLE C-l 

SYMBOLS FOR ANALYTICAL THERMAL 
MODEL DIAGRAMS 


Terminal Node: Terminus for thermal 

conductors, point at which tempera- 
tures are evaluated, point at which 
surface area (for radiation inter- 
change) and thermal capacitance (for 
transient thermal diffusion) are 
assumed concentrated. 


Thermal Conductor: Connects two 

terminal nodes, incorporating 
properties of material conductivity, 
conduction path length and conduction 
path effective cross section area. 


Zero Resistance Conductor: Connects 

terminal nodes whose temperatures 
are assumed identical. 
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HALF SCALE LH 2 TEST MODEL DRAWINGS 
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TOP VIEW 

(SCALE: \AO) 

GZ>(X> 


A X I mST RU M EK lT ATED UPPER STRAP 

Ns SK 2-5085 -142-17 

V S<2-BOBS-l4 2-~7 

SK2.- 8085- 142-5 
-SK2-SOBS -142 tb 
- SKZ-508S-V42-3 O 


-SK2- 5065-142 -7 


SEE DETAIL. H 

SK2- 5065-42-42 - 
SK2- 5085- 42-4! 
SK2- 5065- 42-40- 


I Z 7Q MM 

- T24 TsOtKL) 


1 14.30 MM 
(4.50 IN.) 


SK2-5O0S-1A2-22- 


T2fc — C 
T25 — 


S<2- 9065-42-5- 



^OOIUT| 



0B.9OMM 1 S— 



(ISO IN.) i 


127.00 MM t 

xj _ \ \ v f 

TsTSSTn.) « — 

^ ^yO^-TBb 


U 

ml, VO T75 


E & 

LP 


T75,T7fe,T77 CM OUTER SURFACE OF SIMULATED U 
PUJM8IK1G TUBE. LEADS U4K£ TWO(2) TURNS 
£ACH BEFORE ROUT IKJG TOWARD CLOSEOUT 
ASSEMBLY. 

T7B OM OUTER SURFACE OF FIBERGLASS INSUL- 
ATIOM SUPPORT. LEAD MAKES APPROXIMATELY 
350* AROUND FLAM6E BEFORE ROUTING TO- 
WARD CLOSEOUT ASSEMBLY. 


~T7b 7.G2MM 


S*C2-5'.>SS- 142-40 — 
SK2- 5065- 42-4) - 

000-C071A-4 - 

S<2-50&5- 42-40 


/ £*2-506 

3j 


WIDDEN TAPES REMOVED FOR CLARITY 

bETAIL I 

(NO SCALE.) / 


-4.MIL DOUBLE AUJMiwrZED MYLAR - 
SAVERS 

B4A DftCCOM NET- T2Ay 


15240 MM 
(G.OOlN.) 




T23 Of 

T20 y / 


-^NSTfiiJMEKJTED LOWER STRAP 


-SK2-5085 -142-lfe 


T22,T3fc- 

ADDmONAL INFORMATION t ig - 
■TO BE. DETERMINED BY ENG - 
(NEERING DURING INSTAlr A 

LATION / 


MINIMUM DIMENSION - 
(WIRES SIDE-BY-SIDE, NO 
STACK- UP, NO SPACE) 


SK 2- 506 5- '42-10 - 


/ x \ 

//> T7-TIZ.TI03\ 




/seA mm 

(1.50 IN.) 


-SK2-5085-151-I 


. S09MM 

7 m^) 




AT2I, \ 

TPz. lO I. GO MM 

T (4.00 IN.) 


" SK2-S085- 42-42— 

-SK2-5065-I37-I4 


- SK2- SOS 5- V42- 8 


SECTION B-B' 

(SCALE 1/2) / 

cr> cx> [ _ 

o i i do ioo S<2SC565- 42.-40 - 
S<2-506S-42-4l - 
SK2-50S5-42-42 - 
S<2-5065-t3> 4- - 


SECTION b"b 

Am/ i bETAIL n 

MaM i (SCALE >/') 


> / /> 
/ / Tsoi^y 


SK 2-5085-142-24- 


5K2-508S-\42-M 
! SK2-50QS-\42-25- 




S42-S06S-I5-M3 



SECTION E-E 

(SCALE l/l) 


•LETAILE 

(SCALE l/l) 


INSTRUMENTED LOWER STRAP CONSISTS OF T97, _ 

SK2-EC65H37- 4- T«v-T54^Ti9-TZA . -r2 7 } T36 CM OUTER SURFACE f§ ‘ 

S<2-SOgS -157-13 CF Qjrca FAk»Ca_. TSQ OM OUTER SURFACE CF 

ifcNER PAUE.U. 

II ITT INSTRUMENTED UPPER STRAP CONSISTS OF -T35-T50 



SK 2-5085 -142- 1 2 


SK2-5085-142-2 b 


BOTTOM VIE MV 

(sc^LeM/vo) 


- SKZ J 5065- 142-23 SEE detail IE 

— SK 2- 5085 - 142- 9 

y SK 2-5085- 142- 29 

§ y 5K2-SOS5-U2-C 

085-142- 6 

.2-5085-148-15 
SK 2- 5085 - 142- 2B 

i (2£S) 

SEE DETAIL. X 

T — 

" - ~j{ SK2- 5085-14 2-10- 


-SKZ- 5085 *142- 14 


-SK2- 5085-135-1 R5SN 

5K2- 5085-142-27 

SK2-S085-142- 13 


t Jr ii 


\ / ; 


FOR INSTRUMENTED LOCATION OM 
UPPER STRAP - SEE. SECTION A- A 


U 


- SK 2- 5085 -142-9 


■ SK2-50S5-148- & 
-5K2- 5065- 133-1 ^55T 


SIDE VJEW 

(SCfKLE: l/l O) 

Cl> ch> 


1 6 > EE-fo600(PERMACJELl REFLECTIVE. AXYESTER iVTERUNEO FCt&SURE. SENS'Tivt 

TAPE. 

| 5 ) > TAPE. TVIERMQCOUPLE.S IN PLACElWITu | fo LOO K .15 INCHES. 

| 4 > clean SK2-S06S- i39-t prior to eoMoiNG asfoulows: 

a.) SAK1D WiTw COURSE G«JT (=L “ 30) SAND P6.PER. . 

B) solvent clean wrTMjMi u-7 

| 3 V clean sk2-so&s-i3f»-i per bold wm-« <nife ccat of eczs32 (sm) 

^ STRUCTURAL ACiMESivE. 

| 2 > VELCRO Pile (-rue hartVELL COUP.) 2.0 0 INC H WIDE Poi vf<,TTd casTEN- 

inG Tape.. BOND TO SKZ- 5065- >39-1 per ) 3 > TO MATCH VELCRO UQOK 
CM MU INNER PANELS. 

f I > SEW THE OUTER. DACRON NET LAVERS (2) OF AOJaCENT CanElS T O&ETlCR 
USING DACRON THREAD 


SECTION A- A 

(SCALE l/l) 

CX> CZ> 


' fe965MM 
\ (2.751N.)) 

w' / 


S2.S5MM . 


5AAS3-1SSA8 

K.W.C&BORNt U-2S-72 

i • . 

epRclAY 


o io is io 4 
Mrt 


mu- installation 
.HALF SCALE . 
LH^TEST MODEL 

820532-5065-14-1 

SOTt^ I I 

Figure D-13 



Figure D- 1 4 





LIST OF MATERIAL 


PART OR IDENTIFYING! NOMENCLATURE OR 



NUMBER 


-t \. 


- 2_0 


-It). 


-18 




- \Z 


-l\ 


DESCRIPTION 


(SHort'O 



OUlYlA wwt L 
A*xrtA^LY fsHo£T) 


ChJCiSL 

(. UONl C»\ 





PART OR IDENTIFYING 
NUMBER 


UO>V\L. 

ACCGy^IM-Y (IokjG') 


OLhUL fA Ll PoLAkL 
(S AP fl-SEWALY 


£>UT U 6 MU PiL/iit- 
CM > ASSE^TiLV 


IPlNlAi Ml\ V'OUiY 
CAP Aff.St»wPbLY 


IN M lY m l i Poi_i h «■ 

c Oi^ /T'YT E yr\ Guy 


C>I?X\Y. l v \ Li lY'rVcL, 
ASSCvtn?> 1 _Y 


PUiY'C. KU_i PAmc.'L. 
AGCE'n^ftLY (L<»j 6 ) 


INMY PALI PVtn€L 
ftss EVABLTf (s.H--YT^ 


INNEYL MLI IYvnE. 
A c *X.NYPU„Y ( Lok ^ 


NOMENCLATURE OR 
DESCRIPTION 


LIST OF MATERIAL 


MATERIAL AND 
SPECIFICATION 




v> 



MATERIAL AND 
SPECIFICATION 


F 6 fj££ 


O* 4316 3085 ORiG. V 7 1 


































LIST OF MATERIAL 



-42 



PARTOR IDENTIFYING NOMENCLATURE OR 
NUMBER DESCRIPTION 


SIMULA rc. O PLV.B 
WRAP SUPPORT 


SIMULATED Pl_Mt3 
WRAP Ac AY. ( LONG-') 


SIMULATE.D PUAo 
WRAP ASSY. (SHORT) 


INLET TU3~ W’RAP 
SUPPORT 


inlet tube wrap 
assembly ( cons') 


inlet tube wrap 

ASSEMBLY (SPORT) 


-40 


-39 


-38 


-37 


-36 


-35 


-34 


-33 










INNER. PANEL 
ASSEMBLY (LONG) 


INNER PANEL 
ASSEMBLY (SHORT) 



-27 


-26 


-25 


-24 


-23 


-22 


PARTOR IDENTIFYING 
NUMBER 








CUTER PANEL 
ASSEMBLY (SPORT 


NOMENCLATURE OR 
DESCRIPTION 


LIST OF MATERIAL 


MATERIAL AND 
SPECIFICATION 






91 


6 > 


















9 L> 


MATERIAL AND 
SPECIFICATION 


CODE IDENT NO. 


Pi D - )£ 


SK 2 - 5085 - 142 



























































USE FOR DRAWINGS AND HAND PRINTED MATERIAL ONLY - NO TYPEWRITTEN MATERIAL 




> BLANK ET DENS ITT = 75 LAYERS/ INCH - 
OKIE LAYER EQUALS ONE . 14 MIL- 
Double. AUj min pied kaylae. shield 
(or one ."so nhl Double alum in aa 

RAFToN , WHICHEVER. IS SPEOFsED) PUIS 
one daceon net (&4A) spaces. . 
NUMiBEP 05 SHIELDS '= .42. 
NUMBER., oP SPACERS * 4-1 

OlSraT PANEL SURFACES CONSIST OF 

Z Dacian net (E44) layers 


R£ V 
LTR 


£ 


l~F> VELCEo Hoove # \CO ■" 

(the VIHRTVsIEIL CoRP) T.CO INCH 

wide poltestsr fastening taps 


r> 


T>'\/B.cdo PILE (the Hartwell coff-) 
z-co inch Wide polyester 

FASTENING TAPs 1 1 1> 


±> EE - QGCO c PEPMACEL) REFLECTWS, 

Poly estep- \ntfelinel pressuee 
& ) 

SENS HAVE tafe . 


pGu( 2 .c D~f 8 


62 


I size; 

A 

CODt IOPNT NO. 

81205 

J SC Alt 



V 


■£.- 5oSS- \ 4?_ 


SHEH G> 


D1 4516-2001 or»ic V7t 


-&a> 


c> 



RPV 
L TR 


[ 5 '> ~!4oE (boRDcv^ HVSTik) Aluminum Foil, 
SlUCOHE ADHESIVE^ pREBSbes SENSITIVE TAPE. 
POSITION T\NO Foil LATERS. "To 
SANUWVCH "THE TW O OUTER SMcEjU hex 

lasers and the . ntlon Pin Buttons 
Between the adhere backed Foil surfaces. 


| Q > MAKE FROM -\ 
~T~> MftKE FROM -Z 

~eP> make from -3 7 


1 5 > MAKE FROM -4r 

no>ALL Holes edges. ^ And setts 
cut normal to panel curvature 

~iT> bond with knife com OF 

EC 353 C (3M) STRUCTURAL ADHESIVE 


Wy fastener And thermocouple Dimensions 
measured along Panel curvature 


FiGufZc 


D- 

SlZF 

A 

COOP inrNT NO. 

81205 

5K 1-508 S-\4L 


'/*. Al l 

sum <3 



> 

LTQ 

~TT> HEAT FoEM pETEHTlOU BALL 

jT>loc;u\ohs to. hatch Tttau. tt 
LccTTlcUS OH IN HER. Pamela 

Ij£> FORM ; SHtELO To EoTTouL BrY DBTULS 
OVER UTP TOOL THEN FcLDIM& 

THE wR\NFLES. ALeNS, THE EP5ES FLAT 
TAPE. FOLDS IN PLACE WTH | C> , 
l.'OO*. .\5 IN. AFRAviSE. FoVTS TO AValt. 

A Local thickness buildup in the 
BLAU ITT . . 

QS>TAPE THBRHOCCuPlES |N PLACE 
WITH |~^> . I.DOX-I5 IN. 


n> E-3&- z- so n- ooi *?>& , cheomel 

- CCHLTauTKW T HeE',-y> C cu A. E NAoGE^ 
TEFLOU \N SOL/TT 00 . ^ 

1T> P/T01TIGU SH\Ol>S Afe HUmBQV3> 

staerhs ffta the wwer. layes. 

OF i Each Taya EL. 

\§> ETEHti outer., sue face baceon met 

(B4A^ t 7- LAYERS y (.50 IN. BEYonB TBH 
ELSE OF PANEL AT. ELSE SHcnN M. 


T^lGOCc D-2-O 

sit; 
A 
A- A 

coor It'l NT NO. 

81205 

5KZ.- 50SS- ] 42 

6i» 

SC At f: 


| shp.it /' 


Dt *516*2001 ORIC d/ 7 | 





USE FOR DRAWINGS AND HAND PRINTED MATERIAL ONLY - NO TYPEWRITTEN MATERIAL 



assembly processes 


I. WHITE NYLON GLOVES OR. EQUlVALENT 
. SHALL ’EtE USED SH HAHDUNG ALL 
IsftAT ER.IFL TO IHSUte CLEANLINESS . 
ALL MATERIALS SVWILl RE FREE -OF 
DIRT ^ GREASE , <CZ- OTItER 
GONTAmin! ATI OH MATERIAL, 

Z. LAY UP ALTERNATE LAYERS OF l 

RADIATION SHIELDS An!> DAcRoN NET 

Per I ' > . contour shields 


S. WHEN SPECIFIED 4 INSTALL THERMOCOUPLES 
n> DuRiNg INSULATION LAY- UP. 

TAPE theRnocouIles. in place Per 
• 1 ' 6 > 



WHITE NY UN CoATS OR EQUIVALENT 
SHALL RE. Wol?N TsoCiWG F/A 6 R'cTTIon 
AmD INSTALLATION op MU PANEL 
Assemblies To tuSuee. insulaToM 


CLEn>OUK)ESS . 



O 1 4316-2001 ORIC V 7 i 


65 







NO THERMOCOUPLES OR CUTS 


I 

-20 


GE> <t 










I REVISIONS | 

'LTR> DESCRIPTION! 

DATE 


A 

ADD WIPE LOCK HOLES 4 GLASS EFO*Y WAS. 
TYPE |2Q 

A/2S/-M- 



59.G9MM 

56.42MW1 

/2.35IN.\ 

V2.30IN./ 


DlA(-4.2)(R£f) 




GLASS EPO*V TOEPCE.G. PER BMSS-139,1 
-TYPE is t 2PLV. CURE PER. BAC 5529 I 

. iAMIL DOUBLE. AuJMINtZED YYlAR - 13 LAYERS 
BAA CAC.RON MET- 12 LAYERS 

.30 MIL DOUBLE. AIJ )MIN1 7FD> KARTON- B LAYERS (OUTER .iOiN.) 

BAA DACRON MET- SLAYERS 
BAA CACROVJ METT^Z LAYERS OUTSIDE 

I &4A DACRON MET - Z LAVERS INNER SURFACE. (SEE DETAILX?) 
I A MIL DOUBLE AlOMINIZEO MYLAR-21 LAYERS 
BAA CACROKI MET- 2q (AYERS 

BAA DACRON MET- 2 LAYERS (OUTER SURFACE) 

.03PILLET RADIUS (-42) 


1524 MM / 

(.GO IN./ 5 

iT 


-40,-4 1 r 42 

(SCALE I/I) 


^-44 £-42) 


BAA LAC ROM MET 
2 INNER LAYERS EaTEMDED 
t>\ 99 .94 MM „ . „ 

^ (2.3G IN.) bl * 


MOTE. : CONTINUOUSLY wrap mylar (OR <APTON - WHOMEVER 6 SPECIE IED) 
WITH CACROM MET SPACER UNTIL REQUIRED NUMBER CF LAYERS 
ARE ACHIEVED 


TAMIL DOUBLE ALUMINIZED MYLAR - 13 LAVERS 
BAA DACRON MET -12 LAVERS 
.30 MIL DOUBLE ALUMINUM <APTON-8LAYERS(pUTER.lOlM.) 


DETAIL W 

(NO SCALE) 


I09.22MM 
1 07.95 MM 
/4.3otki.\ 
U.25IMJ 




B4A DACRON NET' 2LAYERS(lMMERSURPACEM 
14 MIL DOUBLE ALUMINIZED MYLAR -31 LAYERS 
BAA DACRON NET- 30 LAVE R.S 
BAA DACRON NET- 2 LAYERS (OUTER SURFACE) 


IK riLl -ET RADUA5,(TVPX-39^ 


-tgb cm outer Surface of shield no. 34 
(outermost mylar shield) 


bETAILSI 


WA(-39)(^£F^ 4-| \ 


(SCALE 1/2) 

SWOWlklG INJSTR.UMEWTATIOM FO^-7DI>Gi>DZ>CjiI> 

SEE SHEET I FOR POLAR CAP ASSEMBLY DIMENSION* 


-37-38,-39 

(SCALE l/l) 


NOTE, i) FA6RJCATE -37,-36 4-39 AS AN ASSEMBLY 

Z)COJT>JUOUSLV WRAP MYLAR (OR NAPTONI -WHICHEVER S SPECIFIED) WITH DACRON 
WET SPACER UNTIL REQUIRED NUMBER OF LAYERS ARE ACHIEVED 
3) LONGITUDINALLY CLfT -37, ONE PLACE ONLY AMD REMOVE. INSTALL S<2- 5035- 147-142 
fc PLACES AS SHOWN 

A) LONGITUDINALLY CUT- 36, OME PLACE ONLY, l30‘FR0M-37 CUT. INSTALL 

5*2- 5065-147- 1 4 2 (o PLACES AS SHOWN. 

5 ) LONGITUDINALLY cut- 39, 2 PLACES 190' APART 


LONGITUDINAL SPJT CP -39 


(.70 IM.y ^ 

kl 


I 20.G5MM 

UDCATEd(4 .75 I M .) FROM 

UPPER EK‘D( m-) 

4 CEECENDICUIAR TO 
lOMC-!TLb! MA.L SP.iT OF -39 
(DRILL- 33 ONLY) 


LONSrrucjwAL spot of - 39 



DIAMOlE - LIME SRlLLTVRU. 
l£fe,K (aRiu_-39 OMLVl) 



^35 MM 
(2SlM'.y 
- 'MM ,4.^ 

/ (.SOINlf^ 
1 


DETAIL XI 

(SCALE 2/l) 



(.25 IN.) R 



12 70 MM ffyp) / 

(.EOlN.k / / : T25 

Co.35 MM n j - c. 


T2fo 


27 — i- uL \l 

DETAIL XEZ 

(SCALE 2/l) 



to SO 00 


bETAILSZI 

^ (SCALE l/l) 


TZ8, TB9,T9l DM OUTER SURFACE 

T29 OM OUTER SURFACE OF SH IElD MO. 23 


10 z» so *0 so 


p. > “PA I I \J f Aj CM OU I UR SURFACE OF oH IELD NO. 23 

1 J L /\ 1 /x T3 ° OSJ °'- rr&:5 Surface o<= shields mo. ia 

(SCALE \/Z) 

SHOWING INSTRI IMENTATIQN FOR - fa IT 

SEE SHEET I FOR POLAR CAR ASSEMBLY DIMENSIONS 


DETAIL XID 

(SC4LE 1/2) ^ 

SWOWISJG IMSTRUMEMTATIOM yOR- B fTT 

SEE SHEET I FOR POLAR CAR ASSEMBLY O ME US ON & 

WAS 3- 1 5349 

om.dumm.mg A9 ^ VlU POLAQ CAPS $ TUBE IMS. 
•02 ‘ _ , _ ^^HALP SCALE LW, 

TEST MODEL 

S2C6SK2-5085-I42 

us..- i3 

Figure D-26 


D, L T:-.3 «.Cl>» r 


2*5520 




O-OZS Til A 1 O-OOZ. 




- \ 

‘T5ti*TTON - P\H ‘b'T^ 

N AAlV : 7LVTE.L \o^ i-L nyun £CS»r* 
To\_t&A>*C%. on K*>OMt \«> - o ooz 

( ’'ScAv.t 4/0 



T3UTTDM 

MATY • “4YTC.L tertvfet-L NytOH fc^Sm 

/S>Cj 4 \_£ 4/0 


5K 2.- 50 BS- 147 — MLI 


Fl£ui 2 £ ^-21 

FASTENERS 




2 


1 




7 


2 


in 























aafel&lriaflsl 



















nurr 


APPLICATION 


effect ivtty 


MV 

LTA 


FASTENER COOES 


‘ NOTES REVISIONS 

1. MECIFICATIOIM AMO rr AMO A ACM FOR TH( CONTROL OF MANUFACTURING OFERATIONB tA» AMLICABLEI: LTR j OCSCRNTKW | OATI I AM ROVED 

SURFACE ROUGHNESS SYMBOLS FIR SACO W FART MARKING FIR RAC I3CV " *' " 

MELDING AMO UUINOIYWOU FEE BACD ZBZ2 *OLT B NOT INiTALLATION FER BAC MM 

FORM, STRAIGHTEN A FIT METAL FARTS FEE RAC UR FINISH COOES Ft R DOCLMERT 02-ABB0 

MATERIAL SUBSTITLTTIOFM A EOLRVALENTS Ff R BAC SOM RIVET INSTALLATION A S YIMOU FER BAC MM 




CO CUT rROM ^>0 Yi ( 2.0 114 s ) [2. ~> P'd 40 -S 

P^T3 T PnPE. 

(X> SYSTEM ERL/K ^Uol7( > UN^ON CPk**&\0^- 

CORP.) WITH NE, (Cl^ C*KX4sV_Y 

(KLU\ED 

r~3~> PRD- 3 3\N\CGLJe EINLQ VPk^YY - 300 DOSXQ. - 400 

F-W-Os^ClNlT^ PER Y/W1V* - CONTlMUOU«i' PCCOOCtR^ 
T\N\ST - MO PON4V3VA (E.\. DU POMT) 

[~A~> g - ^V\j T\T4sNl\VJMA SVAEETT TCW NMU-~T - 304£>E / 
t'tpc in ; COSAP C. 


G=r> r\BCR6\>SS ETOXY PRCPREG PER 3>N*3 B-139, 

type: \zo ; z pv-y . 

fS~> CURE \NlTH UfvCUUS^ 3*N& PS*^33 lJCIE: tnmo HOURS -XT 
»33* !C [l50° F) ^ POUR HOURS M 4tZ.«K. (^OO^rJ 


i > Cl_CIPstM P^YITSI& SURPXCES OP -4- END EaTNQS 
P’tRE. VAV^OU. BUU.CTAN X3-\Z3 t *OMD W\TM 
C<x 934 [MYSOL OWMSlON THE Oe/TER CORRj NNVTW 
VClCUUKA 3X0 PRESSURE PEER PAY SOU BULLETIN 
4.<B - NBA . 

|~B~> CUEMIC4L NA\UU PER BfSC 5842. 


li 


0O 

eO 


-•5 

TILLER. 

•so-Bo nn -M\Qt 1 E )> 






- A- 

EHD F\T7\NG 

.7k>< 50-80 ^ ■ <)& ** 1 4 )18 > 






-3 

T*\PE 

SO-0O'iMn wiht. 1 \ ^ 






- c 

LMsMNJ^TE 

/V5SEZMBUV 

ns~> 






-t 

SUPPORT STR^P 
/VSSEKABLV 

[23 






FART OR 

IDENTIFYING MIAMI R 

MOMEMCLATURE OR DESCRIPTION 

MATERIAL AMO SPECIFICATION 

MT TR 

FIMfBN 

FT MB 

M EVALUATION 

BAAS NUMBER 

REV 

LTR 


FARTS LIST 


DIMENSIONING B TOLERAMONO FER 
ANSI lUSASII YIAB 

DATA REVIEW 

CONTRACT IUBMER j 

THE iMWf' tWOP 1 1 llll ANY 
COftfOAATE Of F ICE* SEATTLE. NMHtMOTYW M M 

ORC OUAL 


NNS 5M58 

48> 

DIMENSIONS ARE IM INCHES 
TOLERANCES: ANGLES* 
DECIMALS .XX* .02 

decimals .xxxi .OOI 

RIVET a bolt EDGE MARG :.M 
BENO RACMI 1.01 ON .09 A .OB 
♦..OB ON MB GREATER 
SHEET METAL CORNER RADII 

•NT EXT Z7* 

STRUCT 


‘""K.'+I.OSSOWC 

4 . 4 . 3 , 

.SUPPORT STRfxP 
ASSEMBLY 

:oms fueu'txnk 

MATL A FNCS 


CHK 




*D*L 'S^cjuAt 

4-U-3 



one 




project AMROVAL 


dsi£05SK2.-5C65-I33 

CMANQE/1TEM nlrmer 





■^LiNjOTecj | 


74 


6000 1225 




MOTE* £ 

i tmnanow amo hmomh pom tw* comtmcx. op iuiM«CTimM o«mio* ia* A^JCAam; 
w«g wouoHwai twott m> wa mn ^urvMiNimiticw 

«uma mo moo m*u nit mcs mo kx.t t mn umtallatkm pm mac mm 

fOMM. IT1LMOWTX* 4 FIT MCTAL PMTT* FU UC DM POM»« COOO PM DOO MM T OHM 

■MTimMrnVTICMIUWVUOTIPUMIM wynMT*UAIK»(4IYMOUM*»*CMM 

I I > <2>AL-*4V TITANiuhi sheet p££ MIL -T- 3044 E 

TYPE, in COMPOSITION C CONMTlON I (ANWEALLCj') 

I z > UNi DIRECT IONAL PRD 40 - 3/ CftOYY COMPOSITE. 5TRAP. FILAMENT wimD USikiE 

WtD 40-3 (£j-0ilft>N7)-5iHGLr Euu<Wn - l9Dt >Oli£R - 460 FXAMENTS PER Y^RN - 

continuous - PRoducors tww - no Finish- i o Ply- tresivi system shall be 
fpi a 44n (union Ca£&id e coeP) with - pwenylenecxamine 
( d?) CaTalyST ( Allied chemical). ConPosfiE Small hav£ a Fuser 

COnT\3*T qF 40 - SSL By vDujx-iR. 

rr> CUftE WITH VACUUM BAS PRESSURE , TWO HOUeS AT 3VS*K ( 'SO'F^ Two 
HOURS AT 4-iL-* ( 3oo*F ) Anti ONE HOUC AT 4 So* K. (SSo’F) 

HT> CHe^-MtLL PGR. BAC SB42. 

I 5 > clean Titanium faying surfaces with an alumina blast 
Followed by a silane ruyse (union Carbide auco) 

I Z > FRioB. TO BONHING, LIGHTLY SAND - Z TAPE ASSEMBLY « 

-T Filler locally AT i mtqltacE With - S *-<o End FiT^ng 

I 7 > CLEAN PER HYSOL BULLETIN Gl- GOO, bond with LA 3VV 

(hy^ol division The DEFTER CCfeP) WITH VACUUM BAG PRESSURG 
PER HYSOL BULLETIN AS- I'SA-- CURE l HR AT Vil'K ( COO*F) 

(&-+- I b > RbgRclasVepojcy composite fillSl Fiberglass cloth ( Type L2o, a^y. 

Resin SYSTEM shall BE ERlA ACiT (union CARCUDt CoRP) WITH 
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APPLY METLBOniD 3 23 TO nuTlg SURFACE 
OF THE \NNER SKIMPERl3J> ASSEMBLE - 2 
CORE 4 BONO PtR[T> C<VUL b_ate 
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APPENDIX E 

THERMAL INSTRUMENTATION TEST PLAN 
FOR THE LH 0 TEST MODEL 
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APPENDIX E 

THERMAL INSTRUMENTATION TEST PLAN FOR 
THE LH 2 TEST MODEL 

The thermal instrumentation plan was developed from the Contract NAS 3-15848 
Statement of Work instrumentation requirements. Thermocouple locations and 
wire routing are shown in Appendix D, Figures D-22 through D-26. 

Table E-l is a list of all thermocouples. The thermocouple entries in the 
list are grouped by the type of wire required and the lengths shown were 
used in determination of total quantities of wire required for the test. 

Four types of wire were used: Teflon insulated Chromel-Constantan for 

thermocouples in the evacuated volume; fiberglass insulated Chromel- 
Constantan for exterior locations; vinyl insulation Chromel-Constantan for 
hydrogen filled spaces; and vinly insulated copper wire for reference 
junctions and leads. The computations for required wire lengths included 
added length margins to facilitate component assembly and disassembly. 

Table E-2 lists those thermocouples which comply with the Statement of Work 
requirements. In some of the areas specified, a greater number of thermo- 
couples than the minimum required were installed; also, a number of thermo- 
couples were installed in areas not mentioned in the reference. 

A practical limitation on the number of thermocouples located in the 
evacuated volume exists by virtue of the available space and cost for 
vacuum tight connectors. Four Deutsch Series DM-5623 connectors, located 
in the cover plate of the simulated plumbing penetration assembly housing, 
as shown in Figure D-38 was used. These connectors contain 37 contracts 
each, providing circuit connectors for 74 thermo-couples. These 74 thermo- 
couples are listed as the first group in Table E-l. 
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The Deutsch connectors incorporate 18 Constantan and 19 Chromel pins each. 
Therefore, of the 74 thermocouples, 2 thermocouple circuits must use Chromel 
pins to connect their Constantan lead wires. Any temperature differences 
between the resulting superfluous Chromel -Constantan junctions will generate 
extraneous voltages, causing errors in the indicated temperatures. In order 
to minimize these possible errors, thermocouples in high temperature areas, 
i.e., thermocouples whose unaltered output voltage will be relatively high, 
were selected for routing through the all -Chromel connector pins. These 
thermocouples are T59 and T60 on the inner surface of the vacuum jacket. Any 
of the other thermcouples on this surface would have been suitable, except 
T56 or T62, for which accuracy is somewhat more important due to their associa- 
tion with thermocouple sets in the MIL. 

Three thermocouples, T72, T73, and T74 were to be immersed in the GH^ boil- 
off flow in the vent tube in an attempt to measure the temperature rise in the 
gas as it travels up the tube. The possibility of bonding small fins to 
these junctions to increase their response to changes in gas temperature 
was explored. Because of the need for maximum accuracy for these temperatures, 
relative to the saturated vapor temperature, these thermocouple circuits were 
to employ reference junctions within the in the test tank rather than 
reference junctions in the cold box like all other thermocouples. 

Thermocouple locations and wire routings were planned to achieve the best 
combination of accurate, useful data and minimum disruption. In some areas, 
these requirements conflicted and compromises were necessary. All thermo- 
couples on or within the MLI were attached to shield layers with an 
aluminized Mylar tape having reflective properties very close to those 
of the shields themselves. When possible, the first 6 inches of wire leading 
to the thermocouple junction followed expected isotherm contours in order to 
minimize errors due to heat flow in the wires. On tubular components and 
support straps, loads made at least 2 turns around the component being 
routed away from the location of the junction. 



Location and routings were planned to minimize junction and wire overlaps, 
avoding the ML I thickness disruption that would result from excessive super- 
position. This is the reason for the rosette patterns for thermocouples 
T1 through T6, T7 through T12, and T25 through T30, and the staggering of 
groups T13 through T18 and T19 through T24. 
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TABLE E Z 

THERMOCOUPLE LOCATIONS FOR WORK STATEMENT 

Work Statement Location Description 

"... six different depths in the ML I ... 
locations as follows: 


(a) 

Forward hemisphere on a line ^5° from 


the 

center 1 i ne 

of the hemisphere. 

(b) 

Aft 

hemi sphere 

on a 

line ^5° from the 


cent 

erl ine of 

the hemisphere. 

(c) 

Mid 

point of the cyl 

indrical section. 

Cd) 

At c 

i point whe 

re an 

inner tank support 


passes through 

the i 

nsulat ion at a con- 


star 

it radial d 

istance from the support. 

(e) 

The 

I nsulat ion 

wi t h i 

n the simulated 


manhole access 

area . 

» i 


"Twelve thermocouples ... on both the exterior 
of the vacuum jacket and the inner face shin of 
the vacuum jacket." 

"Two thermocouples ... bonded to both exterior 
and interior surfaces of the girth ring." 

"Two of the inner vessel supports ... 

(a minimum of four on each support)." 

"The thermal 1 y modeled manhole and fluid line 
penetrations ... (a minimum of four on each 
penet rat i on) . " 


"The ullage gas temperature shall be measured 
at the outlet of the pressure vessel." 


COMPLIANCE 


Thermocouples 


T1 ,T2,T3,n,T5,T6 


T7,T8,T9,T10,T1 1 
T12 

T13,Tl*t,T15,Tl6,T17,Tl8 

T1 9 ,T20 ,T2 1 ,T22 
T23.T2A 


T25,T26,T27,T28, 

T29.T30 

T^*i through T55 
T5& through T67 

T^O.TAl 
T**2 ,T*t3 

T31 ,T22 1 T32,T33,T3^ 
T35,T36,T37,T38 1 T39 

T75,T76,T77,T78, 
T86.T87 ,T88 : 
T69.T70.T71 ,t82 , 
T93.T-9M95. 

T72 
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SYSTEM EVALUATION TEST PLAN 




TEST PLAN 


Revised; 


1-17-74 

5-51-74 


LIGHTWEIGHT VACUUM JACKET FOR CRYOGENIC 

INSULATION 

Distribution: 

J. Allbee 

4-1720 

IE-11 



D. Barclay ' 

2-5520 

8C-45 



R. Hanna 

2-5610 

86-09 



R. Lominick 

2-2405 

IE-11 



F. Olsen 

2-1833 

4A-20 


Test Engineer: 



Date: 

- 73 > 

H. M. Olden 




Test Supervisor: 

. • **a**fcrtr<f«* - - 


Date: 


W . A . Sum th 



(/ # 

TTS Test No.l 

7308 





Test Title: Lightweight Vacuum Jacket for Cryogenio Insulation 

Contract No.: NASA Contract NAS 3- 15848 


Test Location: 
Reference : 


Area 41 , Phd 5 

(1) Procedures Manual, Tula lip Test Site, D2-1 21 703-1 

(2) Engineering Laboratories Safety Manual, D2-1 21 354-1 
(5) SOP- 72K 

(4) Engineering Laboratories Test Practices Manual, D1 80-1 4822-1 

(5) EVA No. 25540, Task IV 


1.0 HJRPOSE 

The purpose of this teat is to demonstrate system performance of a half 
scale model of the Shuttle Orbiter OMS fuel tank with an evacuated multi- 
layer insulation (MLl) system. The performance of this system will be 
carefully evaluated in conjunction with the rigorous cyclic operational 
requirements of the orbiter. 


This test plan describes in sufficient detail the test conditions, 
instrumentation, facilities, equipment, and safety and operating procedures 
to insure meeting the program test objectives in a safe and efficient 
manner. 


2.0 OBJECTIVE 

Testing to be accomplished tinder this test plan will furnish data that 
will be used to verify the feasibility of the evaouated MLI system 
design for the OHS fuel tank. 



Test Ho. 7308 
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3.0 score 

A half scale model of the Shuttle Orbiter OHS fuel tank will be designed, 
fabricated and shipped to Tulalip Test Site for testing on Pad 3» Area 41 • 
The tank will be installed into an existing LH 2 supply, vent and disposal 
system with some modifications required. A radiant heat shroud will be 
fabricated and installed around the tank to provide temperature 
conditioning. A boiloff test system will be assembled and installed 
for determining heat flow into the tank. Three boiloff test3 will be 
performed. The first one will be considered the baseline boil off rate. 
The second one will be performed after subjecting the tank to 100 
external pressure cycles of 0 to 200,000 ft. equivalent altitude 
pressure and 100 thermal cycles of 100 to 350°F. The third boiloff 
test will be conducted while simulating a specified hydrogen leak into 
the vacuum annulus of the tanks insulation system. The test data will 
provide information to determine if any degradation in performance of 
the insulation system has occurred as a result of these operational 
environments. 

4.0 TEST CONDITIONS 

4.1 There will be three boiloff tests and two cyclic tests performed under 
this test plan in the sequence as follows: 

• Baseline boil-off test 

• Load cycling (altitude cycling) test - Area 34 • 

> Thermal cycling test 

• Post cycling boil-off test 

• Constant GH 2 leak boil-off test. 


4.2 


The test conditions for tho three boiloff tests will be as follows: 


• Tank internal pressure 

• Tank vacuum annulus pressure 

• Tank external pressure 

• Tank external temperature 

• Tank liquid hydrogen level 


17.0 PSIA 
; 2.0 x 10”4 Torr 
ambient 
100°P ± 5°P 
C 3«0 in. from Top 


4.3 The test conditions for the load oycling (altitude cycling) test will be 
as follows: 


• Tank internal pressure 

• Tank vacuum annulus pressure 

• Tank external pressure 

• Tank external temperature 


Same as external 
«=C.2.0 x 10“4 Torr 
ambient to 1 . 6 x 1 0"^ Torr 
ambient 
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4.5 continued 

• Tank liquid hydrogen level No hydrogen 

• Number of cycles 100 cycles 

4.4 The test conditions for the thermal cycling test will be as follows: 

• Tank internal pressure 

• Tank vacuum annulus pressure 

• Tank external pressure 

• Tank external temperature 
' Tank liquid hydrogen level 

• Number of cycles 

4»5 The half scale tank model will be constructed of two 90.0 inch diameter 
hemispheres connected to an 18.0 inch long cylindrical section. This 
tank will hold 21 50 gallons of LH2 when full. The inner vessel will have 
an operating pressure of 17*0 psia, a proof pressure of 40.0 psia, and a 
design burst pressure of 70.0 psia. 

5.0 FACILITIES 

All testing will be conducted at the Boeing Company's Tulalip Test Site 
located approximately 45 miles north of Boeing's main Plant II headquarters. 
This facility has several well developed permanent test areas designed to 
handle a wide variety of hazardous and high noise level type tests. The 
cryogenic structural test facility, Test Area 41 , is one of these epecial- 
„ ized areas and will be used for this program. This area is devoted to 
structural materials testing which involve hazardous environments. These 
environments involve cryogenic propellants such as LH2» LO2 end toxic 
propellants such as LP2» N2O4 and Hydrazine. 

In order to efficiently and safely handle this type of testing the area 
has three heavily reinforced concrete test cells dispersed on an arc 
located 130 ft. from the test control and data recording building. Each 
test pad is separated on this arc by 85 ft. Each pad has permanently 
installed wiring for remote control of the test setup and for remotely 
recording all test data. In addition, each pad has installed plumbing 
which provides He and H2 pressurization and purge gases, plant air, 
water, and electrical power. 

This facility has permanently installed LH2 supply capacity of 14,000 gal. 
with a distribution and control system to each of the three test pads. 

All testing for this program, except for altitude cycling at Area 34 » will 
be performed on Bad 3 of Test Area 4"! • 


15.0 PSIA 
2.0 x 10“4 Torr 
ambient 
100°F to 350°F 
< 14.0 in. from bottom 
100 cycles 
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TEST BQUIMENT 

A sohematic of the test setup is shown in Figure P-J . 

The LH2 fill system will include a IE2 conditioning cxyostat mounted 
above the test tank. This vacuum insulated device will condition the 
LH2 prior to entering the test tank so that the thermodynamic properties 
of the entering hydrogen are nearly the same as the hydrogen already in 
the test tank* This i3 to minimize the disturbance of thermal 
equilibrium during test tank refill operations. The pressure in this 
cryostat will be maintained at a constant differential pressure of 
0*5 psi above the pressure in the test tank. 

A radiant heat shroud will be fabricated and installed around the test 
tank so as to provide the required test tank external surface temperature. 
This shroud will be an aluminum sphere with quartz radiant heat lamps 
installed to the inside surface. Electrical power to the lamps will be 
regulated by a Research Incorporated ignitron electrical power control 
Unit. A closed loop temperature feedback system will be used to control 
the eleotrical power required to maintain the desired tank surface 
temperature. Redundant over-temperature safety circuits will be installed 
to prevent accidental overheating of the tank. Preheated gaseous nitrogen 
(GN2) will be used as a purge gas between the shroud and the external 
surface of the tank. This will aid in obtaining the desired surface 
temperature with minimum radiant heating power and also will exclude air, 
minimizing the chances of ignition of hydrogen. 

The test tank internal pressure control system will consist of a closed 
loop pressure feedback servo valve system. The servo valve will control 
the flow of hydrogen boiloff gas from the tank so that the desired 
pressure in the tank will be maintained at a constant value. An Annin 
globe valve with the proper sized trim and an electro-hydraulic actuator 
. will be used as the servo valve. The tank pressure feedback will be 
measured with a Baratron differential pressure transducer referenced 
to a very stable constant pressure source. This high-resolution 
differential pressure transducer will be used to sense very small 
positive or negative pressure variations in the cryogenic tank relative 
to a constant reference pressure. This reference pressure source will 
be a fixed volume of gas maintained at a constant temperature in an ice 
bath. A set point controller will be used to sense the electrical output 
signal of the high-resolution differential pressure transducer for control 
of the electrohydraulic pressure regulating servo valve. This complete 
system results in controlling the tank pressure to a constant value with 
respect to the reference pressure. 

The flowrate of the hydrogen boiloff gas will be measured with a Hastings- 
Radist HF series mass flowmeter calibrated per documented procedures 
prepared by the Boeing Cal. -Cart, laboratories. A copper tube heat 
exchanger will be used to maintain the hydrogen boiloff gas at a constant 
temperature before entering the pressure regulating valve and flowmeter. 

In addition, the entire tank pressure regulating and boiloff flow 
measuring system will be contained in an insulated constant temperature 
controlled environmental box for thermal stability purposes. 
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6.0 continued 

The gaseous hydrogen (GH2) leak system vri.ll consist of a needle valve, 
calibrated and installed to the test tank at the Kent Space Center, and 
a pure GH2 pressure regulated supply system installed at Tulalip. The 
GH2 leak rate needle valve will be calibrated at Kent by using helium 
leak rates corrected to yield the desired GH2 leak rate. The calibrated 
leak will not be accessible when the LU 2 tank is loaded but final GH 2 
leak rate adjustment will be provided by the remotely variable GK 2 supply 
pressure. Vacuum integrity will be insured by a remotely operated shut- 
off valve between the calibrated leak and the tank vacuum annulus. This 
valve will not be opened until the time of the constant GH 2 leak boil-off 
test. The section of plumbing between the calibrated leak and the vacuum 
shut-off valve will be evacuated prior to opening the annulus to the 
calibrated leak. Thia will purge this section of plumbing so a3 not 
to contaminate the tank annulus. 

7.0 DTSTHOMEHTATION 

An instrumentation list showing parameter, range, and accuracy is shown 
in Figure F-2. A block diagram of the instrumentation data acquisition 
system is 3 hown in Figure FB. All instrumentation equipment will have 
up-to-date calibration certifications issued by Boeing Quality Control 
Organization. These periodic calibrations ore designated and performed 
per existing Q.C. documented standards. All calibrations are traceable 
to the National Bureau of Standards . 

All pressures will be measured with strain gage pressure transducers. 

These will be located bo that they will always be at ambient temperature 
thuB requiring only an ambient calibration. 

Test vessel temperatures above 0°F will be measured with chrome 1-cons tantan 
thermocouples with 150°F reference junction. Temperatures below 0°F will 
* use a LN 2 reference junction. Temperatures measured in the vent tube will 
be set up as differential thermocouples with the LH 2 in the test tank as 
the reference temperature. 

Rydrogen liquid level is determined by the use of carbon resistors which 
give a point indication as to the presence of liquid. In this applica- 
tion, the carbon resistor will be electrically driven 00 as to slightly 
heat up while in the presence of cold hydrogen gas. The increased heat 
dissipated as a result of submergence in the liquid hydrogen will cause 
a resistance change due to temperature wliich will be detected through a 
bridge circuit. This in turn will actuate a relay turning on an indicator 
light. The carbon resistor will be normally installed in a still-well 
(shield) to minimize false indications duo to boiling liquid surface 
irregularities. Sufficient resistors will be installed in the test tank 
to adequately monitor liquid levels during thermal stabilization and 
boil-off testing. Power to carbon resistors will be turned off during R. 

stability period when boil-off data is taken. 
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7*0 continued 

The hydrogen boil-off gas flow rate will be measured with a Hastinga- 
Radist, HP series, mass flowmeter. This will provide a continuous direct 
recording of mass flow rate from the tank. This meter with its laminar 
flow element will be calibrated per Boeing Cal-Cert laboratories 
documented procedures using hydrogen gas. The calibration will provide 
data as to actual standard cubic feet per minute of hydrogen gas vs 
millivolts output. 

A MKS Boratron transducer will be used to monitor the pressure variations 
in the test tank. This device is a very high resolution differential 
pressure transducer which will be referenced to a stable oonstant 
pressure source . 

The test tank vacuum annulus pressure will be monitored with the vao-ion 
pump current. The vac-ion pumps will be in continuous operation 
throughout the test program. A thermocouple gage and readout will be 
installed in the GH2 leak system which could be opened to the annulus 
in case the annulus pressure increased beyond the effective range of 
the vac-ion pumps. This would provide an emergency means of monitoring 
the vacuum annulus pressure. 

Test data will be recorded with a Non-Linear Systems (NLS) digital data 
recording system. This is a highly reliable, 200-channel recorder which 
reoords millivolt signal data on magnetic tape. that can be listed or 
plotted on IBM-compatible computers. The system is designed to operate 
continuously 24 hours per day, seven days per week. The sample rate is 
10 samples per second. System accuracy is considered to be 40 microvolts 
of 100 millivolts full Beale. The data tape will be removed from the 
. recording system at the end of each boil-off test for computer processing. 
The data and calculated values will be tabulated and/or plotted as 
required for each boil-off test performed. 

Some of the data parameters will be displayed and recorded on potentiometer 
type strip chart recorders. This will provide continuous quick-look 
information for ease in determining system stability and satisfactory 
performance. 

A test progress report, consisting of the test log, reduoed data, brief 
test s ummar y of any test deviations or annomalies, and photographs will 
be prepared after each of the three boil-off tests. 



Test No. 7308 
Rage 7 


8.0 TEST PROCEDURES 

8.1 Lift test tank/fixture assembly from transportation trailer with crane and 
place it on Pad 3» Area 41. This assembly will remain as a complete unit 
throughout the Task IV test program. 

8.2 Move test tank/f ixture assembly into test position and connect to LH2 fill 
and conditioning cryostat. 

8.5 Connect vac-ion pump power to facility source and monitor annulus vacuum. 

8.4 Connect tank thermocouples to test facility instrumentation wiring. 

8.5 Leak check tank connection by pressurizing with gaseous helium and using 

a helium mass spectrometer to sniff joint. 

8.6 Install four sections of the spherical heat shroud around test tank and 
oonnect all power and control cables. 

8.7 Connect gaseous hydrogen suoply to the calibrated leak system, and purge R 

system with gaseous hydrogen. 

8.8 Adjust all the test tank and cryogenic system instrumentation recorders 
for their proper zeros and calibration pulses with the system vent valves 
VH 351 and VH 354 open. 

8.9 Purge LH2 conditioning cryostat by flowing helium through VHe 303 and out 
VH 354 for 2 min. 

8.10 Purge test tank by continuing flow as in 8.9 but open VH 363 and VH 351 
and close VH 354 causing helium flow out the vent for 20 min. 

8.11 While purging, set up thermal conditions by gradually energizing the heat 
•shroud radiant lamps and nitrogen gas flow to slowly increase vacuum jacket 

external temperature to 100°F - 5°F. Monitor vacuum annulus pressure while 
temperature is being increased and for a period of time after reaching final 
temperature until pressure is stable or decreasing. If vacuum annulus 
pressure exceeds 2.0 x 10“4 Torr discontinue temperature increase until 
pressure decreases. If vacuum annulus external surface temperature of 
100°F 1 5°F cannot be reached without exceeding annulus pressure of 2.0 x t0“^ 
Torr, hold temperature at intermediate level until after completing tank Ul2 
fill in paragraph 8.1 7. 

8.12 Turn Rad 3 area condition lights to "RED" and notify Fire Department at 
completion of purging and after attaining external surface temperature 
conditions . 

8.13 Set up the facility liquid hydrogen supply system per standard operating 
procedures for delivery of LH2 to Rid 3. 

8.14 Fill conditioning cryostat by opening vent VH 354 and pad LH2 supply VH 301 • 

The automatic liquid level control system will operate VH 301 afl needed to 
maintain the cryostat full of LH2. 

8.15 Set conditioning cryostat pressure control VII 365 to automatic and close 
VH 354 which will hold its pressure to 17*5 psia. 
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8.16 Pill teBt tank by opening VH 551 and then slowly opening VH 3^3 keeping 
the test tank pressure below 17.0 psia. 

8.17 Stop test tank fill by closing VH 363. 

8.18 Monitor test tank vacuum annulus pressure during and after filling with 
LH2. It should decrease during filling but should not be greater than 

2.0 x 10”4 Torr. Complete temperature conditioning per para. 8.11. 

8.19 Continue to refill test tank per 8.1 3 through 8 . 1 7 &0 tank liquid level 
decreases to 6.0 inches from top. 

8.20 When time between refills approaches 6.0 hra. then set VH 382 to auto- 
matic operation and close VH 351 which will hold test tank pressure at 

17.0 psia. 

8.21 Continue to monitor all data parameters and refilling tank per 8. 19 until 
all data appears stabilized indicating thermal equilibrium lias been 
obtained. 

8.22 Boil-off data will be sampled at decreasing time intervals until con- R 

sidered stabilized for boil-off measurement data. At this time, 4 hrs 

of concentrated data will be taken. 

8.23 Stop conditioning cryostat fill by closing VH 301 and open vent VH 354 
and drain VH 386. 

8.24 Empty test tank by opening VH 383 and maintaining 17 to 20 psia in tank 
by closing VH 382 and intermittently opening helium purge valve VHE 352. 

8.25 Test tank will be empty when LL1 light goes out and temperature TS1 
begins to rise sharply. 

8.26. Close VHE 352 and VH 363 and open VH 351. R 

8.27 Empty conditioning cryostat by opening VH 566 and closing VH 354. It will 
be empty when LL9 light goes out and temperature TS2. begins rising. 

8.28 Open VH 363 and close VH 366 and VH 354 to prepare system for helium R 

purge and initial warmup. 

8.29 Open VHE 355 to purge system for 10 min. and then turn helium heater on 
to initiate system warmup. 

8.30 When TS1 indicates -250°P switch purge gas supply from helium to nitrogen. 

8.31 Continue gaseous nitrogen warmup until TS1 reaches 50°E. Then turn off 

heater and GN? and return test pod to green condition. Leave a slight R 

positive pressure in system. 

8*32 Turn off radiant heat shroud and remove shroud from tank. 

8.33 Disconnect instrumentation from test tank. 

\ 

8.34 Disconnect vac-ion power from facility and put on portable supply. 
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8.55 Disconnect test tank/fixture assembly from conditioning cryostat and move 
out of test pad 3» 

8.56 Load test tank/fixture assembly on transport trailer and move to Area 34 
for altitude testing. 

8.57 Lift test tank/fixture assembly from transport trailer at Area 34 and 
place on altitude chamber dolly. 

8.38 Boll test tank/fixture assembly into altitude chamber and conneot vac-ion 
pumps to facility power supply. 

8.39 Close altitude chamber and evacuate to an equivalent altitude pressure of 
200,000 ft. and return to ambient pressure. 

8.40 Monitor test tank vacuum annulus pressure all during the pressure cycle. 

If the vacuum annulus pressure rises above the vac-ion pump capability R 

(approximately 2.4 x 10“4 Torr) the test will be stopped. Procedures to 
reactivate the test will be developed at that time. 

8.41 Repeat this pressure cycle 100 times. 

8*42 Open altitude chamber and remove test tank/fixture assembly for transport 
back to Area 41 • 

8.43 At Area 41 repeat steps 0.1 through 8.18 stopping test tank fill when 
liquid level reaches 14°0 inches from bottom of tank by closing VH 363. 

8.44 Maintain this liquid level all during the succeeding thermal cycling test 
by opening VH 3^3 to refill test tank as needed. The thermal cycling will 
be interrupted during each refill operation. 

8.45 Heating to 350°F must be approached cautiously. The possibility of out- 
gassing beyond the pumping capability of the vac-ion pumps existB. Heating 
should be controlled so that when the limitation of the vac-ion pump (^2.4 R 
x 10“4 Torr) is approached the heating system is immediately shut off and 

' cold nitrogen ga3 is introduced in the shroud area to restrict further out- 
gassing if possible. If the vacuum annulus pressure rises above the 
vao-ion pump capability, the test would be stopped. Procedures to re- 
activate the test would be developed at that time. ' 

8.46 Slowly apply heat manually for the first 100°F to 350°P temperature cycle 
while observing the precautions of para. 8.45« 

8.47 Turn heat shroud controller to thermal cycle programmer and automatically 
cycle test tank surface temperature from 100°F to 350°F for a total of 
100 cycles. Continually monitor test tank vacuum annulus pressure for 
any signs of degradation or system failure. 

8.48 At end of thermal cycle test return heat shroud control to set point of 
100°F for the following post cycling boil-off test. 

8.49 Perform the post cycling boil-off test as in Section 8.16 through 8.22. 

8.50 Evacuate the- GH2 leak system by opening W }60 and pumping until P4 
stabilizes in pressure. 

8.51 Close W 360 and open W 357 which will meter a calibrated flow of 
hydrogen gas into the vacuum annulus. 


/ 
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8.52 Set hydros 611 supply pressure regulator VH 386 so that Pj is at a value 
TBD psia. 

8.53 The flow rate of GH2 lealc gas will be trimmed by adjusting supply pressure, 
P5. Gradually increase P3 in steps, monitoring vacuum annulus pressure. 
Pinal P5 setting will be that resulting in a stable vacuum annulus pressure 
of TBD Torr. 

8.54 Perform the constant GH2 leak boil-off test per section 8.19 through 8.23. 

8.55 Close TV 357 to stop GH2 leak into vacuum annulus. Continue to refill 

test tank with LH2 per section 8.1 9 until vacuum annulus pressure returns 
to TBD Torr or for 3 days, wliichever occurs first. Monitor vacuum 
annulus pressure. No boil-off rate or temperature data required. 

8.56 Empty, purge and warm up test tank per 8.24 through 8.31. 

8.57 Prepare tank for shipment per 8.32 through 8.35. 

8.58 Load test tank/fixture assembly on transport trailer for shipment to the 
Kent Space Center. 

9.0 SAFETY CONSIDERATIONS 

The LH2 system to be used for this test poses no abnormal safety problem. 
The majority of the equipment, i.e., transfer lines, cryostats, vents and 
valves have all been used in past testing for several years. This specific 
test configuration has been used in nearly identical form for two previous 
test programs. The major difference for this program is in the size of the 
test tank. This tank will hold 2,150 gal. (1,270 lbs.) of IH2. 

Due to the integrity of the tank design, i.e., design, proof and operating 
pressures, failure of the test tank is considered highly improbable as 
" long as overpressure conditions do not occur. Therefore, redundant 
pressure safety devices will be installed on the test tank so that maximum 
pressures will not be exceeded. AI30, the vent system of the test tank 
has been sized such that in the event the vacuum fails in the insulation 
annulus the resultant higher boil-off rate will not cause the tank 
pressure to exceed a safe value. 

In order to minimize the possible ignition of hydrogen gas that may 
aocidently be released, all spark producing equipment will either be 
explosion proof or be inert-gas purged. The space between the radiant 
heat lamp shroud and the external surface of the test tank will also 
be purged with nitrogen gas in order to eliminate any possible ignition 
in that area. 

The radiant heat system will have a redundant temperature shutoff safety 
system. One system will be within the temperature control unit and the 
backup system- will be a completely independent unit and will shut off all 
electrical power to the heating system in the event tank temperatures 
exceed a safe value. 
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9.0 continued 

In older to eliminate possible conflicts or confusion, and to increase 
the safety of operations, the assigned Test Area Engineer will have 
overall control of the test including safety procedures, cryogenio test 
procedures, malfunction procedures, and control of all personnel in the 
test area. During hydrogen test operations, all of the area of Test 
Area 41 , east of the east end of the control house, will be excluded of 
all personnel. 

10.0 MAUWCTION PROCEDURES 

A malfunction will be defined as any damage of equipment as a direct 
result of test operations conducted per this test plan. This could be 
caused by rupture and/or fire of /or from the test tank. 

In the event of the above all hydrogen supply valves will be dosed and 
the test tank will be emptied per 8.24 through 8 . 31 , if possible, and 
the LHp conditioning cryostat emptied immediately after the test tank. 

The Fire Department will be notified and instructed to proceed to Test 
Area 41 and coordinate with the Test Area Engineer for further action. 
Helium purges of both tanks will then be turned on and maintained to 
warm up the test tanks and eliminate hydrogen. As soon as the hydrogen has 
been expelled and no over-pressurization of a tank exists the Fire 
Department may then be admitted to the pad area to expel any secondary 
fires that may exist and to cool down the test area. All main electrical 
power to the pad will also be turned off to eliminate electrical hazards. 

If a malfunction occurs the Test Area Engineer will Immediately notify 
the Test Site Manager and the Ordnance Engineer. A written report will 
subsequently be prepared giving the details surrounding the incident. 
Corrective action will be taken before any further testing per this test 
plan is resumed. 
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Box 2013 South Annex 
Van Nuys , California 91U09 

Attn : Library 


Minnesota Mining (■ Manufacturing Company 

£00 Bush Avenue 

St. Paul, Minnesota 55106 

Attn: Library 

Martin-Marietta Corporation 

P. 0. Box 179 

Denver, Colorado 80201 

Attn: Library 

G. C. Skartvedt 

Martin-Marietta Corporation 
Box 5827 

Orlando, Florida 
Attn: Library 

McDonnell Douglas Astronautics 
5301 Bosa Avenue 

Huntington Beach, California 9261*7 

Attn: Library 

L. Q. Westmoreland 
P. Klevatt 

✓ 

McDonnell Douglas Aircraft Corporation 
P. 0. Box 516 

Lambert Field, Missouri 6}l66 

Attn: Library 

L. F. Kohrs 

Northrop Space Laboratories 
3ll01 West Broadway 
Hawthorne, California 
Attn: Library 



Fhilco-Ford Corporation 
Aeronutronic Division 
Ford Hoad 

Newport Beach, California . 92663 
Attn: Library 

Purdue University 
Lafayette, Indiana 1:7907 
Attn: Library 

Radio Corporation of America 
Astro-Electronics Products 
Princeton, New Jersey 
Attn: Library 

Rocketdyne 

A Division of Rockwell International 

6633 Canoga Avenue 

Canoga Park, California 91301: 

Attn: Library- 


Space Division 

A Division of Rockwell International 
122lii Lakewood Blvd 
Downey, California 

Attn : Library __ 


Rocket Research Corporation 
Willow Road At 116th Street 
Redmond, Washington 98052 
Attn:- Library 

Stanford Research Institute 
333 Ravenswood Avenue 
Menlo Park, California 91:025 
Attn: Library 

Susquehanna Corporation 
Atlantic Research Division 
Shirley Highway f< Edsall Road 
Alexandria, Virginia 2231ii 
Attn: Library 



Thiokol Chemical Corporation 
Redstone Division 
Huntsville, Alabama 
Attn: Library 

TRW Systems Inc. 

1 Space Park 

Redondo Beach, California 90278 

Attn: Library 

A. H. Zimmerman 


TRW 

TAPCO Division 
23555 Euclid Avenue 
Cleveland, Ohio IjUll? 

Attn: Library 

United Aircraft Corporation 
Corporation Library 
1:00 Main Street 

East Hartford, Connecticut 05103 

United Aircraft Corporation 
United Technology Center 
P. 0. Box 358 

Sunnyvale, California 9h038 -•* 

Attn: Library 

United Aircraft Corporation 
Pratt te Whitney Division 
Florida Research Development Center 
P. 0. Box 2691 

West Palm Beach, Florida 33^02 

Attn: Library 

G. B. Cox 
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Vickers Incorporated 
Box 302 

Troy, Michigan 
Attn:- Library 

Vought Astronautics 
Box 5907 
Dallas, Texas 
Attn: Library 




> '► * 


